Mutagenesis experiments on the baculovirus Bombyx mori nucleopolyhedrovirus (BmNPV) using 5-bromo-2h-deoxyuridine generated five mutants with a ' few polyhedra ' (FP) phenotype. Sequence analysis of the 25K gene homologue of the BmNPV FP mutants revealed nucleotide substitutions in the coding region. Rescue experiments indicated that the FP phenotype of the BmNPV mutants resulted from mutations in the 25K coding region. Effects of infection by these FP mutants were analysed following injection of the viruses into silkworm (B. mori) larvae. Compared to infection with wild-type virus, infection with each FP mutant resulted in reduced host degradation (liquefaction). The degree to which liquefaction was blocked corresponded to the degree of functional disruption of the 25K gene product and to the extent to which polyhedron production was reduced. Electron microscopy revealed that (1) polyhedron production was reduced, (2) very few virions were occluded and those that were lacked envelopes, and (3) the basal lamina of fatbody tissue was not destroyed by infection and accumulations of virions occurred along the membrane. Typical NPV-induced liquefaction was observed following infection with a polyhedrin deletion mutant, indicating that host degradation was not related to polyhedron production. These results suggest that (1) the 25K gene product is involved in the host degradation process caused by virus infection and (2) the FP phenotype is an indirect result of disruption of the 25K gene ; activation or suppression of a specific host or viral gene related to tissue degradation and polyhedron formation may be involved.
Introduction
Baculoviruses are characterized by a large, circular doublestranded DNA genome packaged within a rod-shaped enveloped nucleocapsid. The family Baculoviridae comprises two genera : the nucleopolyhedroviruses (NPVs) and the granuloviruses. NPVs are widely used as expression vectors and have potential as viral insecticides (Maeda, 1994 ; Miller, 1995) . NPVs produce a large number of inclusion bodies that are composed primarily of a single polypeptide known as polyhedrin. Polyhedrin is a slightly acidic protein with a molecular mass of about 29-31 kDa. The polyhedrin genes of many NPVs have been cloned and sequenced (see Clarke et al., 1996 ; Rohrmann, 1986) . The polyhedrin gene has a strong promoter, which has been utilized for high-level expression of foreign genes. Polyhedrin is synthesized at a high level at a late stage of infection and is transported into the nucleus where it crystallizes to form polyhedra ; these contain large numbers of occluded virions and are involved in oral infection. Therefore, polyhedron production is important in the horizontal transmission of NPVs in nature.
Serial passage of NPVs in established cell lines often produces mutants, which are called ' few polyhedra ' (FP) mutants, that produce lesser numbers of polyhedra in the nuclei of infected cells (Potter et al., 1976) . FP mutants frequently acquire host genome fragments (often containing a transposon) and\or lack a portion of the viral genome (Harrison & Summers, 1995) . Mapping analysis located a single region involved in the FP phenotype between 37n7 and 38n8 map units of the Autographa californica (Ac)NPV genome (Fraser et al., 1983) . In this region, a gene (the ' 25K ' gene) encoding a 25 kDa protein has been identified and shown to be involved in the FP phenotype (Beames & Summers, 1989) . A Lymantria dispar (Ld)NPV gene homologue of the AcNPV 25K gene has also been identified and sequenced (Bischoff & Slavicek, 1996) ; the LdNPV 25K gene has 52 % amino acid sequence identity. In recent work, insertion of an extra base in repeated nucleotide sequence regions in the 25K gene seemed to be involved in generation of FP mutants of LdNPV during virus replication (Bischoff & Slavicek, 1997) .
It was initially believed that the 25K gene of AcNPV affected the rate of polyhedron production, which in turn affected plaque size and budded virus concentration in the supernatant of cultured cells. Recent studies have revealed that lack of the 25K gene results also in aberrant virion morphology and lack of envelopment of occluded virions (see Harrison & Summers, 1995) . Rescue experiments have confirmed that these phenotypes are related solely to functional disruption of the 25K gene (Harrison & Summers, 1995) .
Polyhedrin is transported into the nucleus during virus replication. At an earlier stage of infection, polyhedrin is largely in the cytoplasm and only gradually becomes incorporated into the nucleus. The ratio of polyhedrin in the nucleus to that in the cytoplasm is reduced by disruption of the 25K gene (Jarvis et al., 1992) . The 25K gene product has also been found to be involved in the level of transcription of polyhedrin (Harrison et al., 1996) and in regulation or movement through the cell of baculovirus proteins and nucleocapsids (Beniya et al., 1998) .
In this study we isolated and characterized five FP mutants of BmNPV generated by mutagenesis with 5-bromo-2h-deoxyuridine (BrdU), which were demonstrated to have mutations in the 25K gene.
Methods
Cell lines, viruses and insects. The BmN (BmN-4) cell line (Maeda, 1989) was maintained in Grace's medium or TC-100 medium supplemented with 10 % foetal bovine serum as described previously (Maeda, 1989) . The parent wild-type BmNPV K, which was used in the mutagenesis experiments, was isolated from a virus-infected silkworm (Bombyx mori) larva found in a commercial silkworm colony (Noguchi, 1990) . The BmNPV T3 isolate (Maeda et al., 1985) was used in construction of the 25K gene deletion mutant (Bm25KD, see below). A polyhedrin-deficient BmNPV mutant, BmPolhD3, with Bsu36I sites near the linker site and within the coding region of the ORF1629 gene (an essential gene adjacent to the polyhedrin gene) (unpublished data ; see Kitts et al., 1990) , and a BmNPV mutant lacking the putative cysteine protease gene, BmCysPD (Ohkawa et al., 1994) , were used in the infection of B. mori larvae. All viruses were propagated on BmN cells. B. mori larvae were reared on artificial diet at 27 mC (Choudary et al., 1995) .
Mutagenesis experiments. BmN cells (4i10' per 60 mm diameter culture dish) were infected with BmNPV K at an m.o.i. of 5 as described previously (Maeda, 1989) . Four ml of Grace's medium containing 5-bromo-2h-deoxyuridine (BrdU) at a concentration of 50 µg\ml was added following a 1 h virus adsorption period. Five days post-infection (p.i.), the culture supernatant was collected, centrifuged (2000 g for 10 min) to remove cell debris, and stored at 4 mC prior to isolation of mutants.
Isolation of BrdU-generated BmNPV mutants. Approximately 200 BmNPV clones from individual plaques were screened. All clones were purified by three rounds of plaque assay as described previously (Maeda, 1989) . Characteristics of these clones were confirmed by light microscopy (LM) on the basis of polyhedron morphology. Isolates producing few polyhedra in the nuclei of infected BmN cells relative to wild-type viruses were plaque-purified and designated mutants F15 (Noguchi, 1990 (Noguchi, , 1991 , F16 (Noguchi, 1990 (Noguchi, , 1991 , F115, F119 and F162. Intracellular polyhedra in virus-infected cells (at least 300 cells) were quantified using phase-contrast microscopy by focusing through serial planes within each cell and counting polyhedra within each plane of focus.
Viral DNA extraction and sequencing of the 25K gene region. Virions were purified from culture medium by centrifugation at 15 000 r.p.m. in a Beckman SW28 rotor for 30 min through a 40 % (w\v) sucrose cushion (see Maeda, 1989) . The pellet was suspended in 10 mM Tris-1 mM EDTA containing 1 mg\ml proteinase K and 1 % SDS. After incubation at 56 mC for 1 h, viral DNA in the solution was extracted with phenol and chloroform. Fifty ng of viral DNA was used as a template in PCR experiments. Primers for PCR were designed based on the reported BmNPV T3 25K gene sequence (GenBank acc. no. L33180). The sequences of the primers for amplification of the 25K gene region were as follows. FP1, 5h CTTGGTAGCTATATGTGTCG-3h (nt 43394-43413) FP2, 5h CACTTTAAATTCTTCATTGG-3h (nt The PCR products were cloned into the vector pGEM-T (Promega) and sequenced by the dideoxy chain termination method using pUC primers .
Construction of a BmNPV mutant (Bm25KD) lacking the 25K gene, with an inserted lacZ gene. A plasmid DNA containing the 4n4 kb EcoRI-HindIII (nt 41356-44787 ; GenBank acc. no. L33180) fragment of the BmNPV T3 genome was cut with restriction endonucleases ApaI and PflMI, blunt-ended with the Klenow fragment of DNA polymerase I, and ligated with a β-galactosidase gene cassette (lacZ ; the blunt-ended BamHI-XbaI fragment of pLacZ) as described previously (Kamita et al., 1993) . The 25K gene of BmNPV T3 was deleted by cotransfecting the resulting plasmid with viral DNA as described below. To examine the insertion of lacZ at the 25K gene locus, Bm25KD DNA was analysed by restriction endonuclease digestion and Southern blot hybridization as described previously (Ohkawa et al., 1994) .
Marker rescue experiments of BrdU-generated FP mutants using Bm25KD. These were done in the presence of Ca# + as described previously (Maeda et al., 1985) . For cotransfection, 1 µg viral DNA of Bm25KD and 3 µg plasmid DNA containing the 25K gene region derived from BrdU-generated FP mutants were used. Recombinants identified as white plaques were isolated by plaque assay with agarose overlays containing 400 µg X-Gal per 60 mm dish. In order to confirm the replacement of lacZ with the 25K gene of BrdU-generated FP mutants, the 25K gene regions of isolates with white plaque phenotype were amplified by PCR using the FP1 and FP2 primers.
Effects of FP mutants on B. mori larvae. Fifth-instar B. mori larvae were starved for several hours and then injected with 10 µl of a viral suspension containing about 2i10& p.f.u., and returned to artificial diet at 27 mC. The phenotypes of FP-, Bm25KD-, BmPolhD3-and wildtype BmNPV-infected larvae were observed periodically during infection and after death. Host degradation was assessed visually and infected larvae were photographed at 8 days p.i. (on average 42 h after death).
Oral infectivity was measured by feeding second instar B. mori larvae artificial diet onto which had been applied serially diluted polyhedra derived from BmN cells. Twenty larvae were fed with each dilution. The oral infectivity of Bm25KD was measured similarly using five first-or second-instar larvae. Experiments were done at least twice. For all BmNPV mutants, polyhedra derived from infected BmN cells were used. The concentrations of polyhedron suspensions were quantified using a haemocytometer.
For transmission electron microscopy (TEM), at least three thirdinstar B. mori larvae for each treatment were anaesthetized in ice water and then injected with a wild-type or FP mutant virus. Controls consisted of non-injected larvae. Three and four days post-injection, fat-body tissues were dissected and fixed in 2n5 % glutaraldehyde in 100 mM sodium\potassium phosphate, pH 7n4, post-fixed in 1 % osmium tetroxide in the same buffer, dehydrated in a standard acetone series, and embedded in Poly\Bed 812 (Ted Pella, Redding, CA, USA). Specimens were sectioned at 100 nm with a diamond knife, stained with uranyl acetate and lead citrate, and viewed on a Zeiss EM10 transmission electron microscope.
Results

Isolation of BmNPV FP mutants
One of the authors, by using the mutagen BrdU, has obtained several BmNPV mutants that have an altered polyhedron morphology phenotype (Noguchi, 1990) . By further screening based on the morphology and number of polyhedra produced by mutants in BmN cells, approximately 25 independent clones were isolated by plaque assay. Among them five mutants, F15, F16 (Noguchi, 1990 (Noguchi, , 1991 , F115, F119 and F162, were classified as mutants with a phenotype of relatively few polyhedra in the nuclei of infected BmN cells when compared to wild-type BmNPV T3-or K-infected cells. A TEM study has shown a lack of envelopment of budded virions by mutants F15 and F16 (Noguchi, 1991) . Observation of infected cells by LM showed that these mutants resembled AcNPV FP mutants in terms of polyhedron production (see Harrison & Summers, 1995) .
All five mutants produced between 5 and 30 polyhedra in most (80 %) BmN cells (Table 1, Fig. 1 ). This value was significantly lower compared to the number (more than 30 polyhedra) produced in wild-type infected BmN cells. Growth curves of all mutants in BmN cells were indistinguishable from the growth curve of wild-type BmNPV K (data not shown). Maximum titres of the five mutants at 60-71 h p.i. were around 5i10) p.f.u.\ml. Repeated growth experiments did not show apparently higher titres for any of the FP mutants compared with wild-type BmNPV K or T3. Other than lower polyhedron production, no detectable phenotypic difference from the wild-type was evident on observation by LM.
Sequence analysis of the 25K gene of BmNPV FP mutants
It was expected that mutation in the BmNPV gene homologous to the AcNPV 25K gene was involved in the FP phenotype. The coding region of the BmNPV 25K gene homologue was identified by sequence comparison between nt 43656 and 44298 of BmNPV T3 (GenBank acc. no. L33180). Gene regions of the 25K gene homologues of wild-type BmNPV K and the five mutants were amplified by PCR using FP1 and FP2 primers. Nucleotide sequences of the coding regions of both wild-type BmNPVs, isolates T3 (between nt 48513 and 49155 ; GenBank acc. no. L22858) and K, were identical (214 amino acids long). Identities of the nucleotide and deduced amino acid sequences of the coding region of the BmNPV 25K gene were high compared to those of the AcNPV 25K gene (Ayres et al., 1994 ; Beames & Summers, 1989) : 97n7 % and 96n7 %, respectively (hereafter, the BmNPV 25K gene homologue is referred to as the BmNPV 25K gene). All five BmNPV FP mutants were found to have nucleotide substitutions in their coding regions, which resulted in amino acid substitutions in the presumed BmNPV 25K gene product, as described in Fig. 2 .
Mutants F15 and F16 had four and three nucleotide substitutions, respectively (Fig. 2) . Single identical nucleotide substitutions at nt 254 (C to T), which resulted in an amino acid substitution at residue 85 (Ser to Phe ; see Fig. 2 ), were found in the 25K gene of mutants F15 and F16. In the 25K gene of mutants F115 and F119 there were seven and six nucleotide substitutions in the coding regions, respectively (Fig. 2) . Nucleotide substitutions at nt 315 (G to A) in F115 and F119 resulted in the generation of a termination codon (Trp to stop codon), generating a truncated 104 amino acid long peptide (Fig. 2) . Additional nucleotide substitutions at nt 226 (A to G) in F115 and F119 resulted in an amino acid substitution at HIF S. Katsuma and others S. Katsuma and others residue 76 (Asn to Asp) (Fig. 2) . Other nucleotide substitutions did not contribute any additional amino acid substitutions in either mutant. The 25K gene of F162 had four nucleotide substitutions and a single nucleotide insertion (A). Three point mutations at nt 226 (A to G), 323 (T to A) and 366 (T to C) resulted in amino acid substitutions at residues 76 (Asn to Asp), 108 (Met to Lys) and 122 (Asn to Lys), respectively (Fig. 2) . Insertion of the A at nt 424 in the coding region generated a termination codon, resulting in a truncated (144 amino acid) polypeptide.
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Construction of a BmNPV 25K gene deletion mutant
A BmNPV mutant (Bm25KD) with an insertion of lacZ within the coding region of the 25K gene (see Fig. 2 ) was constructed to characterize the function of the 25K gene product and to compare the BmNPV FP mutants generated by BrdU treatment. The Bm25KD mutant showed a typical FP phenotype ; the number of polyhedra per cell was about onequarter of that in cells infected with wild-type BmNPV (Table  1 , Fig. 1 ). Bm25KD grew normally and reached a maximum titre of about 5i10) p.f.u.\ml. The insertion of lacZ was confirmed by Southern blot analysis as described previously (Ohkawa et al., 1994 ) (data not shown).
Rescue experiments using the 25K gene fragments isolated from FP mutants
To determine whether the mutations found in the 25K gene of BrdU-generated FP mutants are involved in the FP phenotype, cotransfection experiments were performed. BmN cells were cotransfected with a plasmid containing the 25K gene region derived from the FP mutants and viral DNA of Bm25KD. Recombinants with insertion of the mutated 25K genes at the original 25K locus were identified by plaque assay as white plaques due to the removal of lacZ. All viruses with a white plaque phenotype showed a typical FP phenotype (data not shown). These results indicated that the mutations in the 25K region of the five FP mutants were solely responsible for the FP phenotype. Control experiments using the authentic 25K gene of BmNPV T3 and Bm25KD DNA generated viruses with a white plaque phenotype and a wild-type phenotype, in terms of polyhedron production.
Polyhedron production by BmNPV FP and 25K-deletion mutants
We used LM to observe BmN cells infected with the original five FP mutants generated from BmNPV K, BmNPV T3-based mutants with the 25K gene replaced with the five mutated genes, Bm25KD generated from BmNPV T3, or wildtype BmNPV T3 or K. The numbers of polyhedra produced varied among these mutants. These mutant and wild-type viruses were classified into four groups based on the numbers of polyhedra observed : (1) wild-type BmNPV T3 and K (about 30 polyhedra per cell) ; (2) viruses with the 25K derived from mutants F15 and F16 and thus having a single amino acid S. Katsuma and others S. Katsuma and others substitution (about 20 polyhedra per cell) : (3) viruses with the 25K derived from mutants F115, F119 and F162 and thus having a termination codon (about 10 polyhedra per cell) ; and (4) Bm25KD (fewer than 10 polyhedra per cell). The number of polyhedra produced in BmN cells infected with FP mutants corresponded to the degree of amino acid substitution and to the size of the actively translated 25K coding region.
TEM study of the FP mutant-infected cells
TEM analysis of fat-body cells of wild-type (control) BmNPV T3-and K-infected B. mori larvae revealed normal, abundant polyhedron production (Fig. 3 A) . Nuclei contained numerous enveloped nucleocapsids, many of which were occluded in polyhedra. The basal lamina of fat-body cells detached during the latter stages of infection and degradation, and only a few virions were seen to have accumulated along the interior face of the basal lamina (Fig. 3 B) . In contrast, FP mutant viruses produced far fewer polyhedra, all of which were irregularly shaped and contained few, if any, virions but frequently occluded some of the surrounding particles, probably consisting of envelope fragments (Fig. 3 C) . Most virions in fat-body cells infected with the mutant viruses did not have envelopes surrounding the nucleocapsids. Moreover, many virions accumulated near the basal lamina, possibly due to a lessening in degradation of this structure (Fig. 3 D) . These results were similar to those observed previously in fat-body cells of larvae infected with mutants F15 and F16 (Noguchi, 1991) and in Sf cells infected with AcNPV FP mutants (Harrison & Summers, 1995) .
Oral infectivity of the polyhedra of FP mutants
The LC &! values for mutants F15 and F16 have been reported to be more than 10%-fold higher than for BmNPV K (Noguchi, 1990) . Oral infectivities of FP mutants F115, F119 and F162 and for Bm25KD were extremely low : less than 20 % mortality at the highest concentration (10*\ml) of polyhedra. The LC &! values for these mutants were at least 10$-fold higher than for BmNPV T3 and K in duplicate experiments. These results indicated that polyhedra produced by the 25K gene mutants were far less infectious than those of the wild-types. 
Effects of infection with FP mutants on B. mori larvae
All fifth-instar B. mori larvae that were infected with BmNPV wild-type viruses (K and T3) and FP mutant viruses (F15, F16, F115, F119 and F162 ) by subcutaneous injection died between 5 and 6 days p.i. However, there was a striking difference in post-mortem host degradation between BmNPV K-or T3-infected larvae and FP mutant-infected larvae. All B. mori larvae infected with FP mutants showed a marked reduction in degradation compared to wild-type BmNPVinfected larvae ; wild-type virus-infected larvae became discoloured (from whitish to brownish, then to black) and degraded (with loss of muscle and\or cuticle tension and liquefaction of the body) within 24 h of death (Fig. 4) . The degree to which host degradation was lessened following infection with FP mutants differed between mutants. Bm25KD showed the least post-mortem discoloration and degradation. The extent to which degradation was lessened in the infected larval body corresponded to the reduction in polyhedron production and to the relative degree of 25K gene disruption ; the degree of degradation decreased in the following order : (1) wild-type BmNPV T3 and K ; (2) mutants F15 and F16 ; (3) mutants F115, F119 and F162 ; and (4) Bm25KD. The extent to which degradation was lessened corresponded to the length (and supposed functional activity) of the 25K gene product. Host degradation was also reduced after infection with recombinant viruses possessing the 25K gene of BrdUgenerated FP mutants in a wild-type background (Fig. 4) , suggesting that mutated 25K genes were the sole cause of the reduction in degradation of the infected host.
To test whether reduced degradation of infected larvae was related to polyhedron production, we used polyhedrindeficient mutants (BmPolhD3). The post-mortem extent of discoloration and degradation of larvae infected with BmPolhD3 was indistinguishable from that of larvae infected with wild-type virus (Fig. 4) . These results indicated that postmortem host degradation is not related to polyhedron production.
Discussion
Serial passage of AcNPV (see Harrison & Summers, 1995) , Galleria mellonella NPV (GmNPV) (Wang et al., 1989) and LdNPV (Bischoff & Slavicek, 1996) through insect cell lines frequently results in the creation of FP mutants. All FP mutants of AcNPV and other NPVs were demonstrated to have insertions or deletions in the 25K gene-coding region. All five of our BmNPV FP mutants obtained by BrdU treatment also had mutations in the coding region of the 25K gene, which was found to be the sole source of the FP phenotype. Marker rescue experiments confirmed that the mutation of the 25K gene of BmNPV resulted in the FP phenotype. These results as well as previous work in AcNPV indicated that the 25K gene alone was responsible for the FP phenotype.
Of five BmNPV FP mutants, F15 and F16 had identical amino acid sequences. Mutants F115 and F119 also had identical amino acid sequences. However, none of the mutants were identical in terms of nucleotide substitution (see Fig. 2 ). Since F15 and F16 had high similarity (but were not identical) HIJ S. Katsuma and others S. Katsuma and others in terms of nucleotide substitution, they could have been generated from mutants that originally had some of these mutations following recombination events. Mutants F115 and F119 may have been generated similarly. Furthermore, a large number of silent mutations (even downstream of the generated termination codons) indicate the functional importance of the amino acid sequence of the 25K gene. The insertion of an additional nucleotide (A) in mutant F162 may have been generated by an error during viral DNA replication, as suggested by Bischoff & Slavicek (1997) . The importance of this gene is also supported by the fact that one amino acid substitution (from Ser to Phe at residue 85) in mutants F15 and F16 resulted in the FP phenotype. Most naturally occurring FP mutants of AcNPV have truncated 25K genes or relocated 25K promoters, rather than completely disrupted 25K genes, additionally supporting the functional importance of this gene.
Since the FP phenotype has been shown to be the result of a drop in the transcription of the polyhedrin gene due to the lack of a functional 25K gene (Harrison et al., 1996) , the 25K gene should be one of the genes (so-called vlfs ; McLachlin & Miller, 1994 ; Todd et al., 1996) that are directly involved in baculovirus very late gene expression. However, the 25K gene has not been identified as a vlf based on transient expression assay (McLachlin & Miller, 1994 ; Todd et al., 1996) ; only one gene, vlf-1, in the AcNPV genome has been identified by that assay. Furthermore, the difficulty encountered in attempting to functionally delete vlf-1 by lacZ insertion in BmNPV suggests that vlf-1 is an essential gene and functions at an earlier stage(s) than the very late stage of infection (Gomi et al., 1997) . Similarly, the 25K gene appears to have other functions, possibly affecting host gene expression (or early viral gene expression), and the FP phenotype seems to be a secondary effect of the functional deletion of the 25K gene.
Disruption of the 25K gene results in the induction of complex phenomena in infected cells and larvae in addition to the FP phenotype. Aberrant morphology of envelopment and dramatic reduction of occluded virion embedding into polyhedra have been revealed (Harrison & Summers, 1995) . Surprisingly, the 25K gene product was found to be involved -directly or indirectly -in post-mortem host degradation. Since deletion of the cysteine proteinase gene of BmNPV resulted in blocking of degradation of infected larvae after death (Ohkawa et al., 1994) , comparative analysis and complementation experiments with B. mori larvae were carried out. Fifth-instar larvae subcutaneously injected with BmCysPD (lacking the cysteine protease gene) did not show post-mortem host degradation as reported previously (Ohkawa et al., 1994) . Close observation, however, revealed a slight difference : the cuticle of BmCysPD-infected larvae was more transparent than that of FP mutant-infected larvae (Fig. 4) . This may have been due to degradation, dissociation or detachment of epidermal cells infected with viruses. Larvae coinfected subcutaneously with Bm25KD and BmCysPD showed symptoms after death typical of those observed in larvae infected with wild-type virus (Fig. 4) . In previous work on AcNPV, virus-encoded chitinase and cysteine protease were shown to be involved in liquefaction of virus-infected insects (Hawtin et al., 1997) . Insects infected with mutants lacking either the chitinase or cysteine protease gene remained intact several days after death. In this study, we identified the 25K gene as an additional gene involved in post-mortem host degradation. The 25K gene product may have some effects on expression of the chitinase and cysteine protease genes.
Our study suggests that the 25K gene product is involved in host degradation, perhaps by altering cell metabolism and\or host-cell gene expression, and that lower polyhedron production is a secondary effect. The 25K gene was found to be involved in the complex phenotype induced by virus infection and to be important for virus transmission. Without the 25K gene, host degradation followed by efficient dispersal of polyhedra would not occur, and maturation of occluded virions, followed by embedding into polyhedra, also would not occur. It will be of interest to study how the 25K gene product controls these complex processes at the molecular level.
